The study discusses the effect of Electrolysis Ereatment (ET) parameters focussed on the
INTRODUCTION
It is undeniable that humans are still relying on fossil fuel resources for transportation, heat generating and electricity purpose. The concerning part is that all of these natural resources soon will be diminished and will not be adequate to support the people's necessities worldwide.
Moreover, it takes millions of years to wait for these fossil fuels to form again. For that reason, seeking other alternative energy for fossil fuel replacement is crucial and urgent. Biodiesel is a renewable and sustainable energy that can lessen fossil fuels utilisation as well as reduces the global warming impact, which is primarily contributed from fossil fuels combustion (IEA, 2017) . To date, the interest in using microalgae-based biodiesel has become more significant. High lipid content, rapid growth rate, less land for cultivation, flexible to grow under various climates, and none food security related are some of the unique features of microalgae (Joannes et al., 2016; Mansa et al., 2018a Mansa et al., , 2012 . In this study, Ankistrodesmus sp. was used because it has shown a very promising feedstock for biodiesel. This green freshwater microalga is capable of producing lipid around 32.4 to 57.7 % wt as well as enrich with monosaturated fatty acids such as palmitic acid . The microalga's lipid is one of the secret ingredients in biodiesel formation. The lipid is stored inside the microalga and is sturdily protected by its rigid cell wall, which is composed of cellulose, lipid, glycoprotein, polysaccharide and protein (Lee et al., 2017) . In other words, the cell wall is the major bottleneck in microalga lipid extraction. Hence, the cell wall must be broken to facilitate the lipid extraction process (acylglycerols and free fatty acids). Therefore, lipid extraction is relatively a challenging stage. Some researchers had used mechanical cell wall disruptions (e.g. high-pressure homogenizer, hydrodynamic, ultrasonication, microwave, Pulse Electric Nonetheless, some drawbacks such as energy intensive, upscaling, time-consuming, chemicals safety, high capital investment, costly raw materials and highly precarious involving electrical based extraction (Mubarak et al., 2015) .
Thus, numbers of researchers have combined mechanical and non-mechanical methods to improve lipid extraction efficiency.
Apart from these extraction methods, another recent approach which is using an Electrolysis Treatment (ET) as a prelude for microalgae lipid extraction (Mansa et al., 2018a) . The benefits of ET such as it uses lower voltage range (~ 6-30V), simple operation, cheaper, lighter, easy to construct and clean. Conventionally, ET method is used in microalgae harvesting with an electrolyte addition and typically conducted under a batch system (Baierle et al., 2015; Uduman et al., 2011; Zhou et al., 2016) . The process of collecting the microalga cells using ET is called electrophoresis. In nature, microalga cells are negatively charged, and the cells will move to the anode (positive terminal) and then coagulate due to the potential difference between the anode and cathode (Uduman et al., 2010) . In other theory, exposing the microalga cells to electric fields at a certain level (higher than the cell membrane critical strength) will cause the cell to experience irreversible or reversible cell electroporation.
Irreversible cell electroporation is the condition where the cell membrane is unable to reseal back to its original form whereas, reversible cell electroporation is the opposite condition of irreversible cell electroporation (Joannes et al., 2015a (Joannes et al., , 2015b Mansa et al., 2018b) . When the cell membrane is broken, the valuable components like lipid, protein and carbohydrate will be exposed to the surrounding and easily can be extracted. In the meantime, only a few available literatures were published with regards to microalga lipid extraction using the ET method (Daghrir et al., 2014; Guldhe et al., 2016; Hua et al., 2016; Misra et al., 2015 Misra et al., , 2014 ). This method is still under development and is considered to be a new approach to microalga lipid extraction.
Henceforth, as the continuity from the preliminary study after the ET extraction was also determined, and the amount of methyl palmitate (C16:0) extracted was revealed in this study. 
II. MATERIALS AND METHOD

A. Microalga Cultures
B. Extraction Procedures
Electrolysis treatment chamber design
The schematic diagram of ET chamber was shown in Figure   1 . The electrolysis treatment (ET) chamber was fabricated from an acrylic material with dimensions of 0.179m (length) x 0.152m (height) x 0.057m (width) and 0.005m (thickness). The stainless steel plate electrode dimensions were 0.153m (length) x 0.114m (height) and 0.0004m (thickness). Four bolts with five hexagonal nuts and four flat washers were used as the holder for the stainless steel plate electrode. The gap between the electrodes was fixed at 0.015m. Straight pipe fitting tubes were used for the inlet/outlet connector of the ET chamber. Four pneumatic flow control valves, hose to hose connector and 2.2m silicone tube were used so that the microalga can be recycled back to the ET chamber. The inlet and outlet flow were placed at the same level. and an air pump (AC-9980, Resun ® ) were used, respectively. Meanwhile, the sample flow rate was measured using a digital flow rate meter (T14 Flo-meter, McMillan Co.). Four types of treatment conditions for the ET system were carried out; (1) condition was without ET, Recycling Flowrate (RF) and Aeration Flow (AF); (2) condition (ET system 1) which undergone the ET only; (3) condition (ET system 2) which undergone the ET with RF only; (4) condition (ET system 3) which undergone the ET with RF and AF. The ETT, EFS, RF, AF, microalga volume and concentration were fixed at 25 min, 21V/cm, 140ml/min, 100ml/min, 1000ml and ~ 1.00g/l, respectively.
All treatments were conducted in triplicates, and the data presented were in average value ± standard errors. All the above experiments were performed in triplicates, and the data presented were average value ± standard errors.
Solvent extraction
Ankistrodesmus sp. lipid was extracted from its dried biomass according to Folch method (Folch et al., 1957) . 
The potential difference of cell membrane estimation
The potential difference of the cell membrane can be estimated using Equation 1 (Ortega-Rivas, 2012).
Where;
The potential difference of the cell membrane = Um (V)
The parameter based on cell shape = α (dimensionless)
The cell diameter = dc (µm)
The external electric field = E (V/cm)
The angle between the sites on the cell membrane = Ө 
ii. Scanning electron microscopy (SEM)
The surface morphology of the Ankistrodesmus sp. cells were examined by Scanning Electron Microscopy (SEM) (Carl Zeiss, EVO MA 10). The SEM sample preparation was performed based on chemical fixation method, and the procedures were followed according to Mansa et al. (2018a) .
Lipid content determination
The lipid content was determined based on the gravimetric method. The procedures were followed according to Mansa et al. (2018a) . The lipid content was calculated using 
Transesterification process
A base catalyst (potassium hydroxide, KOH) was used for the FAME conversion, and the procedures were followed according to Mansa et al. (2018a) .
Fatty acid methyl ester composition
A Gas Chromatography-Mass Spectrophotometer (GCMS) (Model 6890N, Agilent Technologies) was used to determine the FAME compositions. The procedures were followed according to Mansa et al. (2018a) .
III. RESULTS AND DISCUSSION
A. Lipid Functional Groups of Ankistrodesmus sp.
In ET system varied conditions
The FTIR spectrum for each sample was shown in Figure 3 .
The lipid functional groups were all detected in each sample for solvent extraction without ET and with ET method (ET system 1, 2 and 3). The C-H stretching vibration was obtained at 3010cm -1 representing the stretching of =C-H bond, at 2855cm -1 , 2925cm -1 and 2954cm -1 representing the stretching of C-H bonds in -CH3 and CH2. It was presented that, C=O bond found in the ester group was detected at 1740cm -1 , which was primarily obtained from lipid and fatty acids compound (Dean et al., 2010) . Besides that, C-O bond and C-O-C bond was also detected at 1380cm -1 and 1250-1070cm -1 which also came from the ester group, respectively (Forfang et al., 2017) . The peak at 1460cm -1 was also obtained, indicating the bending of CH2 bond (Bartošová et al., 2015) . 
In ETT, EFS and ERF condition
The FTIR spectra for ETT, EFS and ERF performed solvent extraction with the ET method were displayed in Figure 4 . Figure 3 . In Figure 4a , the highest peak intensity was obtained from ETT20 followed by ETT25, ETT30, ETT35, ETT40, ETT15, ETT10 and ETT0.
Meanwhile, the highest peak intensity was obtained from EFS21 followed by EFS18, EFS15, EFS12, EFS9, EFS6 and ETT0, as shown in Figure 4b . For EFS, the highest peak intensity was obtained from ERF180 followed by ERF200, ERF220, ERF240, ERF160, ERF140 and ERF0. From these FTIR spectra, it shows that higher peak intensity corresponded to the higher lipid content that was extracted from the sample (Forfang et al., 2017) . 
Effect of ET
The effect of the ET system on the lipid content of Ankistrodesmus sp. was shown in Figure 5a . Based on Figure 5a , the highest lipid content extracted was obtained from ET system 3 with 13.05 ± 0.57% wt. followed by ET system 2, the control sample, and ET system 1 with 12.91 ± 0.85% wt., 11.15 ± 0.73% wt. and 10.26 ± 0.41% wt., respectively. Except for ET system 1, all samples that had undergone the ET method showed higher lipid content compared to the control sample.
Higher lipid content was attained from the ET system three due to RF and AF systems were introduced into the system. The microalga cells were well mixed and had higher chances of passing through the electric field region. Thus, it provided a higher probability of the cell membrane to be Apart from the surrounding oxygen gas, the ET also produced oxygen gases at the anode. Thus it can contribute to the increase of lipid oxidation. The lipid oxidation can also occur in ET system 2 and system three as the anode electrode undergoes an oxidation process while the cathode undergoes the reduction process.
However, the condition in the ET system one might be an extreme condition for the Ankistrodesmus sp. lipid extraction as compared to the other two methods. was 0.86% or 1.11 times lower than the WOET sample. The effect ET system towards the cell appearances and amount of extracted lipid were summarized in Table 1 . Table 1 . Cell observation and total lipid based on different ET system
Effect of ETT
The effect of ETT on the extraction of microalga lipid from zero to 40 min was displayed in Figure 5b . The lipid content obtained from sample WOET (ETT0) was 11.83 ± 0.81% wt.
All samples WET (ETT10 -ETT40) had produced higher lipid content than sample WOET. According to these chart bars, the lipid content extracted from Ankistrodesmus sp. 
Effect of EFS
The effect of EFS on the extraction of microalga lipid is shown in Figure 5c reduced. However, in this study, the smallest gap used was 0.015m and was fixed for the entire experiment.
Effect of ERF
The effect of ERF on the extraction of microalga lipid was shown in Figure 5d Note that, the amount of lipid content obtained from the control samples (ETT0, EFS0 and ERF0) were all different because all the microalga cells were harvested at the same day, but the lipid extraction was not performed at the same day. The ET method was carried out one at a time and not in a parallel experiment. For each parameter, including the replicates (from ET method to FAME determination experiment), it required at least five days to be completed.
The first parameter conducted was the ETT, followed by EFS and ERF. Because of this, it was suspected that the lipid content of microalga might be changed due to this condition. Therefore, for each parameter, it has its control sample, as this was to ensure the culture sample for each parameter must be the same condition as possible and avoiding from attaining bias results. 
C. Comparison of Other Alternative Extraction Processes
The comparison of other alternative lipid extraction processes with several of microalgae species are presented in Table 2 . This includes the ET method, electrochemical treatment, PEF, microwave irradiation, ultrasonication, hydrothermal treatment and Soxhlet extraction. From Table   2 , it was found that of all these methods the hydrothermal treatment has demonstrated to provide the highest lipid extraction with 84% wt. of Nannochloropsis sp. that was approximately 54% of lipid increment (Qu et al., 2018) .
This can be attributed by using high temperature (i.e. 180 0 C) which can certainly destroy the cell wall of microalga.
However, using this method may change the colour of microalga from dark green to brown and longer treatment time is needed (i.e. 60 min) to achieve the highest lipid respectively. However, the final lipid extracted were both slightly lower than the untreated sample. The previous study conducted by Mansa et al. (2018b) also reported that the lipid extracted from Chlorella sp. at 14V/cm for 50 min using electrolysis treatment was slightly lower than the ETuntreated microalga.
Based on Table 2 , it is shown that using different lipid extraction method with a variety of microalga species will offer dissimilar extraction performances. However, the findings obtained here are comparable with other extraction methods (i.e. Soxhlet extraction, microwave irradiation and electrochemical treatment). Perhaps, further investigation regards to the volume of microalga need be done for this ET method to become practicable in a large scale application for biodiesel production. Table 2 . However, only four peaks were confirmed as the FAME compounds. The four FAME detected were 7,10-hexadecadienoic acid methyl ester, hexadecanoic acid methyl ester (methyl palmitate), (E,E)-9,12-Octadecadienoic acid methyl ester Table 3 , among these six peaks, the compound detected at the retention time of 22.82 was dominated with 47.18%, which was the 3,7,11,15-tetramethyl-2-hexadecen-1-ol. Nevertheless, among the FAME compounds, methyl palmitate was the predominant compound with 15.78%, followed by methyl linolenate,7,10-hexadecadienoic acid methyl ester and methyl linoleate with 14.28%, 6.84% and 6.51%, respectively. For sample WOET, the methyl palmitate obtained was 0.176 ± 0.019µg/ml. The methyl palmitate extracted was the highest at 180ml/min with 0.390 ± 0.022µg/ml and lowest at 140ml/min with 0.252 ± 0.023µg/ml at constant ETT (20 min) and EFS (21V/cm). The highest methyl palmitate attained in ERF21 can be correlated to the higher lipid content was also extracted at this point. 
IV. CONCLUSION
In this study, the effect of ETT, EFS and ERF towards the lipid extraction of Ankistrodesmus sp. were investigated. All samples from ETT, EFS and ERF that had undergone ET have produced higher lipid content than the control sample with an increase of lipid extraction from 1.34 to 1.40 times higher. Furthermore, it was shown that using the ET method prior to solvent extraction did not affect the FAME qualities at all. Besides, it was also revealed that Ankistrodesmus sp. contained higher saturated fatty acids such as palmitic acid (C16:0), and this is a crucial feature in one of the biodiesel properties. This elucidated that using ET as the microalga pre-treatment for lipid extraction not only enhance the lipid extraction yield but also proven to sustain the quality of FAME compositions. Aside from being conventionally utilized in the microalga harvesting process, the ET could also be one of the alternative methods that can be used to distract the microalga's cell wall, especially for wet biomass in biodiesel production.
The parameters such as the microalga concentration, microalga species types, solvent types and electrode types can be investigated for the improvement of lipid extraction using the ET method. 
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